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sub-millimeter region (A = 0.4 - 1.3 mm). are presented. The significant
density of the radiation flux (~ 5 X 10~

. ]
to interpret it as a manifestation of metagalactic radiation with T ~ 8 K.

I.

NASA TT F-13,615

ON THE NATURE OF CERTAIN BACKGROUND RADIATION

O.F. Prilutskiy and I.L. Rozental'

'ABSTRACT: In the first part of this paper, possible sources

of the sub-millimeter background of large intensity observed
by Harwit et al. in the metagalaxy, the galaxy, and the
terrestrial atmosphere are discussed. It is shown that the
most natural assumptions about the sources of this background
encounter significant difficulties.

In the second part, the model proposed by Hayakawa and
Silk-McGray, . which is based on the assumption that the back-

‘ground is produced by bremsstrahlug of photons with meta-

galactic sub-cosmic rays, is analyzed.

It is shown that such a model leads to too large values
of the temperature of the intergalactic gas and the intensity
of photons and, consequently, should be rejected.

Comment on the Nature of the Infrared Background

In the papers [1,2] the results of observation of the background in the /3*

The task of the present communication is to present a critical analysis

9

of the possible sources of this radiation.

this range of wavelengths shows that at.A = 0.56 mm,

a)

1.

Intergalactié origin of the background

An investigation of the absorption spectra of CN and CH molecules in

T < 5.9° but at A = 1.3 mm,

T < 4.7° [3].

assumptions that the source of the sub-millimeter background has a very narrow

One can combine the results of [1,2 ] and [3] at the price of artificial

watts cm-'2 ster_l) allowed the authors

spectral distribution (AX <’O.5 mm ; '%% € 0.5) and is located in the narrow range
of distances AZ <€ 0.5.

steep drop in the energy spectrum of cosmic rays at an energy greater than

2.

The difficulties grow even éreater in explaining the absence of a

*
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10°

eV [4,5]. The most natural assumption in this case is that such cosmic
rays arise in the nearby vicinity of the galaxy (where there are no visible
sources of these radiations) or inside the galaxy when it is difficult to

find a mechanism to contain them. ‘ . °

Unfortunately now the experimental data on sources in this region are
too scarce to reply to this question in any sort of definite way. Evidently,
the maximum radiation of the normal galaxies lles in the optical reglon and,

consequently, it is rejected as a possible source.

A morencomplicated question concerns the rolg of Se&fert galaxies and
quasars. In some of these objects the maximum radiation occurs in the sub-
millimeter region. We made an estimate of the possible background from
quasars, assuming that they all radiate similar to the quasar 3C273 (where
radiatibn in the submillimeter region is observed) and assuming that all
quasars radlate identically and that thelr density is distributed according-
to Schmldt [6].

m/z) —.m(/+2)3"/5’ "
1

=107 (e )T / 7

Such an estimate, evidently, is rather an upper limit,'but it gi&es a /5
value of the infrared background approx1mate1y two times larger than was ob-

served in the paper [1, 2]

We note that these estimates lead to a large value of the background in
the infrared region (A ~ 10-100 w). If they are valid, then the situation

should be expressed in the form of the spectrum of the relict radiation and

the spectrum of the metagalactlc cosmic rays of very high energies Q~ 1015 V).

«

b) Galactic origin of the background

1. We note that the possible sources of the background cannot be dis-

%

1. Similar estimates relative to the role of Seyfert galaxies led to the
same results [7]. The more recent results of Low [6] can scarcely
refine the conclusions [7). :



tributed exclusively inside the galactic disk, since in this case the aniso-
tropy of the radiation would be too great. It is necessary to assume a

)

significant density in the haloz.
. ]

2. We discuss the problem of thé con;ection of galactic electrons
with the infrared background. The average strength of the magnetic field in
the galaxy 15;5‘5‘10—6 cersted and at least }-4 times smaller in the‘halo [83.
Then the losses of felativistic electrons in the invgrse Compton effect 216
process with the submillimeter radiation should exceed by approximately 30
times their losses by synéhrotron radiation; Then the power of injection of

I
electrons reaches the value ~ 10 0 ergs sec [9].

‘The energies of superhovae are sufficient only for the injection of

38

electrons with a total power of ~ 10°  ergs sec™t [9].

Disruptive processes in the center of the galaxy cannot contribute the
main portion to the generation of electrons since in this case electrons with

> ' .
an energy ~1011 eV, observed in an experiment [10], cannot reach the earth.

3. There is observed a sharp break in the energy spectrum of cosmic
electrons at energies of ~'3 5 GeV, Thls sharp break is well explalned by
an energy corresponding toequalitYof the-electroﬁs} lifetime with respect
to their exit from the galaxy with the life%ime relative tovlosses by synchro-
ton radiation [11]. The strong submillimeter background decreases the life-
time W1th respect to. losses by a factor of 30 and consequently, a sharp

break should be observed at energies of ~ 100 MeV.-

c)  Atmospheric origin of the background

The main sources of submillimeter radiation background in the atmos-

phere are, evidently, rotational electric-dipole transitions of NO molecules

and thevmagnetic-dipole'transition in'O2 molecules.,

In agreement with the reference data [12-14] the distribution of the /7

temperature T and the concentrations of O, and NO with height h has the

2
following form: ) ‘ . :

2. Recently the existence of'the halo has been subject-tb doubt.

.
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150 501080 '3‘-109 o7 900
750 100 | st |21t 1 1m0
200 7°10° | 410% R 1200
500 107 ol |18 '1300 |
400 2-10° ':-:_'_2-1;56‘ - 1500

A calculation of the intensity of the radiation from NO and O_ molecules

2

is carried out by several different methods. 'For.brevity'we dwell in more

defail on the calculation of the radiation intensity of NO molecules.

The flux of quanta with a frequency corresponding to the J=2J ~ 1

transition is equal w1th a high degree of accuracy, to.

7)) = /»mw GlFws Ageth. (@)

. Ay - .
where n(h) is the concentratlon of molecules : W& is the probablllty of
finding a molecule in the J level, AJ is the probability of the J=2J -~ 1

transition, and ny, is the level at which the observations are carried out.

The transition probability for an NO molecule is given by the expression:

T ,_. v w,’ 2 <7 /- R
Ay .3 LI AcT Wazm/) e 26



where d is the dipole moment.

The frequency w._ is determined from the equality:

J

. ]
W :9?5:77 (L)
. | gy 101! he
where the rotational constant is B = 3.2 x 10 hertz.

e

Then it turns out that J = 2-7 corresponds to the interval 0.4 to 1.3 mm.
We take the distribution of W in the form of the Boltzmann function:.

o 25,767 /)
»Wy» 02.77’11-/;58 a7 1‘_' (5)

The following discussion serves as the basis for using the distribution

(5). 1In agreement with [15] the Boltzmann distribution in this range of
energies is adjustéd if the number.of_coilisions is 2;10 during leaking of

the levels. Using this result and aiso the distribution of the concentra-

tion presented in Table 1, one'obtainslthe fact that up to heightsjs 400 149
km the.distrisution of levelé hﬁs the form (5).

° N
It is necessary, strictly speaking, to take into consiideration the de-

pendence of W_ on T (h) in calculating the integral (2). One can as a sim-

J
plification (see Table 1) set T = 1000° K with a sufficient degree of accuracy.
| . ) . i1 2 j 1
Then, after summing over J, we obtain FNO ~ 10~ watts cm ~ ster = at

an altitude of 120 km and FNO ]1?12 ster -1 at an altitude of 120 km [sic]l.

The intensity of the 0 lines is approx1mately 1.5 times greater.,

2. ’
And so in spite of the crudeness of our estimates, one can assume that
the contribution of atmospheric radiations is significantly :‘smaller than

the observed flux. L e

The -authors express their éppreciation to I.D. Nivikov for useful

- comments,



"II. On the '"Bremsstrahlung! Model of the Roentgen Background -

Recently papers have appeared which éxplain the isotropic roentgen /10

background by bremsstrahlung of soft photons by slow metagalactic electronsB.

N The winning factor of this model is i@s natmral explanation of the sharp
break in the energy spectrum of'the'isotropié roentgen background in the ‘
regioh EY ~ 20-60 KeV. Hayakawa [3] proposed a mechanism'for the formation
of roentgen photons by sub-cosmic rays upon their interaction with the thermal
intergalactic electrons (inner bremsstrahlung). Silk and McGray [4] dis-

cussed the interaction of sub-cosmic electrons with the intergalactic plasma.

We note that, although.externally these models appear different, in /11
reality one and the same process of the emission of photons by electrons lies.-
at their foundation. The difference (which is not of a fundamental nature)
consists in the fact.that in the paper [3] the chosen system of coordinates
(metagalaxy)rcoincides with the electrons but in paper [4] it coincides with

the protons.

We note that the quantitative difference is practically absent for the
non-relativistic case of interest to us (i.e., when the speed of the incident
protons and electrons are, respectively, vp <c and v, €. ¢c). In the rela-
tivistic case the quantltatlve properties are dlfferent. In the non-rela-
tivistic limit the dlfferentlal cross section dO, of the emission of é.quan-

y

tum- with an energy in the range EY’ EY'f dEY upon colliéion of a proton and

an electron is equal to [5].

1&96 v' - /6/3/-7 /Mecz)(cf) dé} Zn “L‘g,e.: (1)

where v is the relative velocity and E and' EY are the energy of the elec-

tron and the photon, respectlvely.

3. This mechanism as applied to galactic electrons was discussed long'
' ago [1,2]. One should reject such a model because of its disagreement
with the new experimental data on the angular distribution and 1nten31ty

of the roentgen background.
1



L]
It is evident from (1) that the cross section does ndt depend on which

particle (the electron or the proton) is at rest. )

Eq. (1) is valid, strictly speaking, in the non-relativistic kimit; we
. . . 2 . . . . s
will use it for energies up to Ee~wmec , Which is completely justified by
the (logarithmic) accuracy.with'which we will uéually carry out the calcul-

ations.

]

Later we will formulate the main point of our pdper. We assume that ‘1}2
the "bremsstrahlung" hypothesis results in exceedingly large values of the
roentgen radiation, and to a non-power energy sp&ctrum of the radiation in

the region EY 2 100 KeV,

The proof of these assertions will be broken into two stages. in the
first stage, semi-quantitative estimates as applied to the electron versiop 4]
(the electrons collide with the stationary protoﬁs) will be given. In the
second stage more rigorous calculations for the proton versi&n (here the

-

electrons are stationary) [3] will be given.
Such a division is suitable for the following reasons:

1) data is lacking in the paper [3] concerning the fundamental nature

of the phenomenon -~ the energy spectfum of thé sub-cosmic protons;
2) the estimates permit tracing clearly the physics of the phenomenon; and

3) the conclusions in both versions differ somewhat because of the

red shift.

I. Electroﬁ Version

In the paper.[4] there is discussed a model mainly where all the sub=-
cosmic electrons have appeared at a certain z = zi.‘ Then the electric

specfrum Fe'(Ee, z) of the electrons at a distance z has the form:

— | _ - R ye+ 1)
Fel(be2) = i L. 'a/e(”t). - x

/-/‘Z(' '
S @
. ‘]3 - 2 ) “"‘::—( 224 .
), . _?I/E-ec' 7 //ﬁz:") // : 775 5 (J7 particles
X oo Z{'(,é? — { #-é?) o -
Z/ - 2 -2 oL cm° sec ster KeV



11 ,
where K _ ~ 10 ( E_in KeV) ; Y, = 2.5; z; = 103 E_. = 100 KeV; the den-

sity of the material at our epoch “is p 10-319m‘cm—3. We then calculate
Lt ~ the energy released in the ionization process by, the spectrum (2) per
unit time. |

Y ) Mef“- . »
: ' e ' ’ — > 4’/5_ ‘
L-ﬁ- (E) = = f&{EEfe [éﬂt-’.-":‘J."':/’zZi :,..(3).
- | “:-emv'n‘A '
| ~ : o : /'—_‘-.'—_; * s
— e = £ f0yiz) R g Y (%)
24 > Lo “sec

~

.-
(see [6]),where n(z) = n (1 + z)3 is the electron concentration in the
intergalactic gas; B ~ 40 (to logarithmic accuracy); E min ~ kT. Since an
accurate value of the upper limit in (3) is immaterial, we set it equal to
mecz. .
In order to calculate’the temperature T it is necessary to investigate
the kinetics of the therma] balance [7]. Howavér, since in this section
only the boundaries for values of T are being estimated, wé are restricted
to a comparison of the separate terms of the kinetic equation. Cooling of
the intergalactic plasma is caused by fhree R{ocesseé: ~the red shifit (e);

the Compton effect on the relict radiation (c), and the radiation of the

intergalactic plasma (T). The heat emission of a unit volume in one second’

corresponding to these processeé has the form [81:

\.4—7— e

: 03 Ko
/—',e‘ ~ 310 = 7"//4-{) //QL~ . (58)
dl s /‘9"“./,0’""7"(/1/—?)z T _ergs (5%)

oc

cm” sec . 3

L s (2 T2, o

/1t



where Pe "’10-29 gm cm-3 is the critiéal density; Eq. (5¢) is valid for

T2 (107)2 K.

The relations L (z) calculated in agreement with (3) to (5) at
T = (109)°K are presented in Table 1.

Ly L e~

ergs cm ~ seC

&

0 5.70727 1071 L 1o78s 10756
1 - —a =31 - 2L
2 10747 5.107°° 10 1672%
~ -~ ~ .
o A + A= ot -
5 5-1672° 1028 0 1070
3 5-10™2% 10-27 10727 10721
r -';' , - had "’)/ - —”
2,10 19720 5-107%7 | 107%° 1079

A TS (109)°K, the total heat emission is significantly smaller than
the heating produced through ionization by the sub-cosmic elections. There-
fore, if the latter are capable of heating the intergalactic gas (without
taking into account losses) to T > (109)°K then it 1nd1cates that the true

value of T is > (109)°K

The total heating without taking into account the cooling can be easily

from Table 1.
t 2
sec energy in the amount ~ 10

13)

ft turns out that in a
This

calculated, using the values of L

17

eV cmm3 is released.

°K. This value is the

time tMG‘”3 x10

indicates that in neglecting the losses T ~ (10

upper limit for values of T.

Thus if sub-cosmic electrons with the energy spectrum (2) exist in the

metagalaxy, then the ﬁemberature of the metagalactic gas should be contained
13
)

within the limits (10 to 10 °K and there should conseguently be radiation

5

in the range (10~ to 109) eV with a non-power quaSL-Plancklan spectrum.

1}6



One can explain this conclusion by simple physical ideas. If a beam of
slow electrons which are absorbed in a certain volume are incident upon a

plasma, then thermal equilibrium will be established in the volume.

The relaxation time T can be estimated from the equation:
. _ 3/
T . Ve /57_7‘/2,
Y dne v (6)
/A ~ g}, ;«JR‘70 ;e is the electron charge, and D is the Debye radius [9].

In our case A~ 102. Equating T = tMG’y‘ﬁi , we obtain the fact that
o

<
if T ~ (109)°K, then thermal equilibrium is established.

2. Calculation of the Energy Spectrum of the Cosmic Protons

In this and the following sections the proton version is discussed.
We calculate FP (Ep, z) d Ep -- the flux of cosmic protons in the range

Ep, Ep + d Ep, assuming that the luminosity q of a unit volume in the sour-

ces has the power form:
/-P_‘ ) é,. - / r-—_d{a// ’..._’)3+[>; . , A . . . ’(7)
7“/’{;5//’*’4”:/' == g, ZEL
The constant B takes into account possible evolution-of the sources of

protons.

Then in agreement with the standard equations of the Friedmann model

for p = Pg’ the flux of protons is
Zi .

/«/[C-':/OLWIZ‘?)’_/(/-‘Z) " ﬂ/’ d,"’z (8)

where vp is the velocity of the protons; E'p (Ep,.z, z') is the energy of

f’+2) .,f‘

'/o ks-—/o,f) = ?77‘

proton at a point z' > z, if the energy observed at the point z is
B * ¢
equated_tgggp,

We use Eq. (&) to calculate the relation E'ﬁ (Ep, z, z'), replacing
me'by»mp. 'Then the total energy losses caused by ionization and the ex-

pansion of the universe are described by the equétion:

j G/Zso,__‘ ;jé?l : c¥%€;- o (9)
e A RIS
L AE A E s dr-4d



Since E‘% . /

- - A
oz A1+ E) (10)
Eq. (4) takes the form .
o - a— —— Jz
/ agf‘_’_/o o .::,,c/. .
£ Y+ Z - =
5#G7 -~ = * kL
: - TR (11)
L]
The critical energy '
- F ' yZ 2
~ _ S /O S — \ (12)
' i o L )

has a simple physical meaning (see [3], [4]). If E < Ep , then a proton
is retarded at our epoch pr1n01pa11y due to 1on1zat10n losses; if Ep > Epc’

then the red shift plays the main role.

Eq. (11) has the solution:.

W i? Z’ “‘k (7 2?)/?%f J/] z) 4 '
- | | ’ R //* } m’/ )

Using (7), (8), and (13):

e o5 = +J-5‘J _
/[,Z) /7’:’_’ g 9 PREEGTY
o .

/,,.,‘
/f:? 7+ zj_/z (79427 4./7¥V(j’ik{ J/ ‘942)

L. 1In the proton version P, = P

10



The integral (14) is not taken in the general form.and therefore we will /A9
reduce it to its asymptote. if Ep > Epc 1+ 2)2 , then

.;;/P* 0.5 6’ a?d/p-rﬂ.f'
— Al s *,-) . _
« GE2) = Jel g JEE (2 : (I5)
: Gty 3 = Rfe * 45
_ .2 then
If = o <.< "_C.../oc ,\// + Z ) , e .
E 7 . 5 ’ - : iy l" :— P ) '
o (Ep i) s 2 Kevn e TSy 0B
| s~ Smily 7 7~ Zoo (I8)

The spectrum of protons in space has a non-power formj; the spectral index

varies from Yp ~ 1.5 (low energies) to Yp (high energies)?

3. Density of the Sub-cosmic Protons

To estimate the energy density Ep of the sub-cosmic protons we use Eq. (15),

which is valid for values of the parameter B which are not too large. For

definiteness we set B = 0,
We write the relation (15) in the form: /20
-]
Ca,2) =)l YL |
/ p) z ) /”7 )E— C/[p (15a)
. ;(7’/ /E;;/,Z)c/é— o
Then the luminosity. + of a unit volume, produced by
bremsstrahlungOf'protons, is equal to:
» ‘,.’-
B
z )dE, = &, /49(:/4////[ £p U,’o =
o//tff, Jdy = ey FOR e an
m,c, .
, e
do -, . . '
where 5~ is determined by (1).
Y
5. Such a spectrum is the result of thermalization of protons for which,
however, the relaxation time T ~ mp ( see [6] and Sect. 1).
me e .

11



Affer the transformations we obtain:

’ & — = (Yo t25)
;7{(5.,5//5}--—45/[ 5/0%, 95 £,

ﬂC" oL /”e"‘/-? .

o

N . \

where the function f (Y ) is determined by ‘the logarithm in Eq. (1). 1In the

(18)

1nterva1 1< Yp < 2 thls function is contained 'within. the llmlts 1 to 5~

1/3, we set it equal to 1. . s ®

Using (8) and (18), we obtain that

/E}/[ay/ /02/{[ a/p,ty_;;./l /

: o.'/;d/p _.Q‘g' = (19)
| = (lsz, )30+ 05 5
J/ — <2 ) o L1+ Z) J ///»42',) _/
S G - 05 : g

We combine this expression with the experimental value for tne flux of roentgen /21

radiation in the region E > 50 KeV, F_(E,, z = 0)™~ go~2+2%0.2

. Y ~ * UYTY? ‘
photons \::m—2 sec'-1 s;t:er"-l KeV-; (see, for example, [&]).

It follows from the combination of (19) and (20) that Yp = 1.7;
K~ 10-20 (EY in units of KeV; z, > 1) and the energy density of protons

Ep (z =0) ~10 eV cm-B, which is an inadmissibly high number.
N ,

The only possibility of"decreasing it is to assume very large values of

B> 1. When B—> o in the integral (14) the upper limit is important;

therefore;
FLlE, z) = Frtp ' 3 ‘
”~ ’ — £ / ™

AZ(;.,gf;g/p*-a;y'_‘ B cgd,p*aé—

X -

/’3""“}//* "‘ﬂf R

12



Using the procedure noted above, it .1s not difficult to determine that for this

set-up the energy density, of protons is ) ’

ééﬁo

£ Z.“O)"-’c.p/r—-—ﬂ)//'/'-(,_ /' fa—-— ,
. . . 3 eV \\\
2y = /0 o~ 0 ﬂ RS

cm’t

L4, Heating of the Intergalectic Gas by Sub-cosmic Protons

The integral

) a/f £ /E Z) g o
L/ / : U'_-g-o-———'— 5/ 7 . (21) -/-'22
} - T
determines the function Lt for sub-cosmic protons. "Using (&) and (14):
. - -G -05) 5 2h-/ |
L, = 5/0 .7//// 2,)5 KE, | v AEDY e i
o f/", /"'/ f;,-x-/)
. L3
-3/2,. +

L =3 .
(/42)~ //42)
’ 7 ~--/5 o?a/wé)
e [ Lsz) /~// RO (22)
c7 i ;-2;{2 =7 . -~ "' ’

. 0 N
where I' is the gamma functlon.'

We carry out the calculations for the most sultable parameters Y = 1.75

an = - en - i ) .
ZB 153 /; ey 25 7= e S8
+ — /92'.M /q(%i)Af.

1.,_ B . e! . o o (23)
' —/1 ' ergs' '
[//+Z) —-//+f/ / 3 T
. cm.sec. - ..
U51ng (19) and (20) to determlne K, one can write: ‘ L ’
-28 V73 -
,.'4-” ~/0 // 2?)5///1‘?’) / //*‘ // _/ e;g:ec o« (24)

‘cm
For z < zl, this value agrees approx1mately w1th the value ofthe electron ver- [FB

sion (see Table 1). It follows from Table 1 that if'z < 10, then the main pro-
cess of heat transfer in the universe is its expansion. Therefore, for an
approximate calculation of the run of the temperature we use the equation of

thermal balance discussed in the paper [7].

13



2 Yoo _ _L '
a:’/a'/o /9 .,75/05f - (25)

If T=0at z = zi, then

| — LTS o
720 [(1e ) -—//+ 2 e

< ' .
at z ~ 1, T ~‘(10 )°K, which is found to be in good agreement with the es-
timates of Sect. 1. We note that because of the fact that the density pp in

the proton version is approximately two orders of magnitude larger than in

the electron version, the temperature in the latter model should be significantly

higher than in the proton version.

We calculate in accordance with (5¢), (8), and (26) the flux of roentgen
radiation produced by free-free tran51t10ns of’ the heated 1nterga1actlc gas:
_ , _ ’ Ch 27
:w; Ly -/5 i ﬁﬁf:*; (7+Z) '
. J J o w'*.rﬂ”l.&f- n
Z?" /fp Kev’

Thekexperimental spectrum of roentgen radiation which corresponds to the

Cdz (27)

indirect emission by sub-=cosmic protons (solid line) and the emission of the .

heated gas according to Eq. (27) (dotted Iine) are presented in Fig. 1.

Thus if a powerful flux of sub-cosmic protons were to exist, then the

roentgen quanta formed'by them would in the first place be caused by the heat-.

ing and emission of the gas.

The assumption of strong evolution (B € 1) does not improve matters here.
This situation is clarified in the following way. Let the flux of roentgen
radiation be specified experimentally. The rabio of the energy produced by

heating to the energy emerginéas roentgen because of bremsstrahlung is

.£{éi12321 ,-where ‘72? is'determined by (&) and ———= 5/ Z the energy losses
dE 1dT ' ot

by bremsstrahlung) is determlned by the cross section (1), this ratio does

not depend on the density of the gas.

The fractlon of energyemerging through emission of the heated gas is

v Hae \
237“' O ;.in the case of large evqlution and a specified intensity Xfigéz%
“+ .. ’ L &

y 0 o

14 N e e e
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(experimental data) the effective value of p‘is a maximum and therefore in this
case the curve corresponding to the emission of the heated .gas will lie still

higher than shown in Fig. 1. _ i R o - -

5. Conclusion '1?5

Our analysis has shown‘that in the "bremsstréhlung” model a) the temper-
ature of the intergalactic gas is too high,z‘(lo8 to 109)°K; b) if we do not
assume the evolution of the sources to Be very great, the energy density of
the sub-cosmic rays is inadmissibly large; “¢) the heated gas will radiate
significantly more thén in the indirect process of the braking of sub-cosmic
rays; and d) the spectrum of the emission by the heated gas will have essen-

tially a non-power shape.

These conclusions lead to the necessity of giving up the "bremsstrahlung"

model of the roentgen background.
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